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Sylvilagus audubonii and Lepus californicus home range sizes
in the Chihuahuan Desert
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ABSTRACT.—Knowledge of a species’ home range size is useful for numerous areas of study, including body-mass
scaling, metabolic requirements, and conservation. Notably lacking are home range size estimates from desert habitats
for 2 common mammals, Sylvilagus audubonii and Lepus californicus. I estimated daytime, nighttime, and 24-h home
range sizes using telemetry in the Chihuahuan Desert of south central New Mexico. For both species, estimates were
larger in nighttime than in daytime, and estimates for S. audubonii were larger for males than for females. I found no
evidence for home range “cores.”
RESUMEN.—El conocer el tamaño del ámbito hogareño de una especie en particular es de gran utilidad por diversos motivos, incluyendo escalamiento de la masa corporal, requisitos metabólicos y conservación. Es notable la carencia de estimaciones del tamaño del ámbito hogareño en el hábitat desértico de 2 mamíferos comunes: Sylvilagus
audubonii y Lepus californicus. Durante el día, la noche y períodos de 24 horas, estimé el tamaño del ámbito hogareño,
usando telemetría en el Desierto de Chihuahua, al sur de Nuevo México. En ambas especies, las estimaciones fueron
mayores durante la noche que durante el día. Las estimaciones de S. audubonii fueron mayores en los machos que en
las hembras. No encontré evidencia de “núcleos” dentro del ámbito hogareño.

Home range size is affected by numerous
factors, including body mass and diet (Kelt
and Van Vuren 2001), biological process times
(Linstedt et al. 1986), costs of locomotion and
metabolic requirements (McNab 1963), prey
density (Simcharoen et al. 2014), sex, season,
reproductive status, social structure (Dahle
and Swenson 2003), population density (Kjellander et al. 2004), androgenization, body
fat, age, habitat, and predation risk (Godsall
et al. 2014 and citations therein). Home range
size information is also valuable for wildlife
management and conservation (Simcharoen
et al. 2014, Braham et al. 2015).
Studies which address home range size
trends over multiple species, such as bodymass scaling studies (McNab 1963, Kelt and
Van Vuren 2001, Tucker et al. 2014), require
drawing upon published home range size
estimates for a large number of species in a
variety of habitats and geographic locations.
Notably lacking are home range size estimates from desert habitats for 2 common leporids: Sylvilagus audubonii (desert cottontail)
and Lepus californicus (black-tailed jackrabbit). Sylvilagus audubonii and L. californicus

occur in sympatry throughout the deserts of
Mexico and the southwestern United States
(Chapman and Litvaitis 2003, Flinders and
Chapman 2003), where they are the most frequently observed mammals.
Previous home range size estimates are
available for S. audubonii from other habitats.
Most earlier home range estimates were based
upon trapping or sighting, which, while not
generally defensible, do provide an indication
of home range sizes. Ingles (1941), working
in the Sacramento Valley of California in a
habitat of mixed agriculture and wild shrub
thickets, used trapping, marking, and visual
resighting to visually estimate male and
female S. audubonii home ranges at <6 ha
and 0.4 ha, respectively. Fitch (1947), working
in the San Joaquin Valley of California in a
habitat of Quercus and Pinus woodland, and
using only trapping and marking, reported the
average distance between captures of females
to be 191 m, which, assuming circular home
ranges, is equivalent to an area of 2.8 ha. To
my knowledge, the only other published home
range size estimate for S. audubonii was that
of Hungerford et al. (1974), who worked in
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the Sonoran Desert of Arizona. Hungerford et
al. (1974) used telemetry and reported an
estimated noncircular home range size for
one adult male S. audubonii to be 2.8 ha. Habitat for Hungerford et al.’s (1974) study was
described as mixed desert and agriculture,
but it was not stated which habitat the monitored leporids occupied.
Home range size estimates are also available for L. californicus from nondesert habitats. Working in habitats of pasture and agriculture, and using trapping, marking, and visual
resighting, Lechleitner (1958) in the Sacramento Valley of California, and Tiemeier (1965,
as cited by Best 1996) in Kansas reported
average combined male and female L. californicus home range sizes to be 18 ha and 17 ha,
respectively. French et al. (1965), working in
southeastern Idaho in an Artemisia tridentata
habitat and using trapping data only, reported
that 95% of combined male and female recaptures were within 0.4 km of the initial capture,
which corresponds to a circular home range
size of 50.2 ha. Smith (1990), working in northern Utah in habitats of Juniperus, Artemisia,
Sarcobatus, and Atriplex, and using telemetry,
reported the best fit from 80% harmonic mean
contours, calculating 138 ha and 74 ha for
males and females, respectively. Smith (1990)
also reported harmonic mean core home range
size estimates of 80 ha and 42 ha for males
and females, respectively, based upon the
areas within which the utilization distribution
exceeded a uniform distribution of locations
(Samuel et al. 1985). Hungerford et al. (1974,
study described above) reported a home range
size of 238 ha for a single female L. californicus.
The purpose of this note is to report home
range size estimates for S. audubonii (hereafter, cottontails) and L. californicus (hereafter,
jackrabbits) obtained from radio-collared leporids in the Chihuahuan Desert of south central New Mexico. I report daytime, nighttime, and 24-h home range size estimates,
compare male and female cottontail estimates,
compare daytime and nighttime estimates, compare adaptive kernel and minimum convex
polygon estimates, and address core home
range size.
I conducted the study in the Chihuahuan
Desert on the 142,000-ha Armendaris Ranch,
a private bison (Bison bison) and hunting ranch
in Sierra and Socorro counties in south central New Mexico (33°10.81 N, 107°6.58 W).

Habitat within the study area was classified
by Dick-Peddie (1993) as desert grassland mixed
with Chihuahuan desert scrub. It was dominated by Bouteloua eriopoda (black grama
grass) and shrubs Larrea tridentata (creosote
bush), Prosopis glandulosa (honey mesquite),
Ephedra trifurca (longleaf jointfir), Flourensia
cernua (tarbush), and Rhus microphylla (littleleaf sumac). Topography was flat and elevations were 1300–1500 m. Annual precipitation falls mostly in summer and autumn and
averaged 28.8 cm from 1984 to 2012 (WRCC
2017). Average monthly minimum and maximum temperatures were 7.8 °C and 25.0 °C,
respectively, from 1984 to 2012.
I conducted leporid trapping biweekly in
all seasons from May 2015 to May 2017. Leporids were trapped in 82 × 27 × 32-cm single-door cage traps (Tomahawk Live Trap,
Hazelhurst, WI) baited with alfalfa hay and
apple juice (Harrison 2019) and placed beneath
shrubs for thermal protection. I sedated captured animals with a 0.2-mL/kg injection of
8-mg/kg ketamine, 0.05-mg/kg dexdomitor,
and 1-mg/kg medasolam into thigh muscle.
Jackrabbits and cottontails were fitted with
Advanced Telemetry Systems (Isanti, MN)
model M1565 and model M1550 radio collars, respectively, and released at their capture sites. Animal handling procedures were
in compliance with guidelines of the American Society of Mammalogists (Sikes and Animal Care and Use Committee of the American Society of Mammalogists 2016) and were
approved by the University of New Mexico
Institutional Animal Care and Use Committee,
protocol 16-200361-MC. All radio-collared
leporids were adults (cottontails > 650 g,
jackrabbits > 2200 g).
I recorded leporid locations from May 2015
to July 2017. I located leporids by homing or
by triangulation from 2 or 3 locations. I conducted homing until leporids were sighted,
or until their locations were determined to
within a few square meters. When triangulating, I drove between successive fix locations.
Fixes for which the angle between successive
bearings was ≤30° or ≥150° were not used.
Time between successive fixes was ≤10 min.
I located leporids only once per day during
inactive daytime periods. Daytime was defined
as 09:00 to 16:00 and nighttime was defined
as 16:00 to 09:00 based upon Harrison (2019).
Throughout the nighttime, I located leporids
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3–4 times, with locations separated by ≥2 h.
I recorded locations of individual leporids
from the date of capture until radio collar
failure, death of the leporid, or end of fieldwork in July 2017.
I used program Ranges 8 (Kenward et al.
2008) to estimate home range sizes, calculating 95%, 80%, and 50% adaptive kernel (AK)
and 95% and 50% minimum convex polygon
(MCP) estimates. I included MCP estimates
for comparisons with older studies, although
this method is no longer in common use.
Mann–Whitney tests (Zar 1999) were used
to compare male and female cottontail home
range sizes. Wilcoxon paired-sample tests (Zar
1999) were used to compare AK and MCP
estimates and daytime and nighttime estimates. Relationships between cottontail home
range size estimates and number of locations
were evaluated using simple linear correlation (Zar 1999). Jackrabbit correlations were
not investigated due to low sample size. To
investigate at what percentage level a home
range core might be observed, I calculated
home range size estimates at 5% intervals
using combined day and night locations and
both AK and MCP methods and then examined the results graphically. Evidence for the
presence of a core area would be a distinct
positive change in the slope of home range
area as a function of the number of locations
enclosed (a = 0.05 for all tests).
I obtained home range size estimates for 17
cottontails (8 F, 9 M) and 6 jackrabbits (4 F,
2 M). The median period of observation was
98 d (range 43–578 d). The median number of
locations per leporid was 58 (range 29–237).
For cottontails, 88.8% of locations were obtained by homing, 10.2% by triangulation with
2 bearings, and 1.0% by triangulation with 3
bearings. For jackrabbits, 66.4% of locations
were obtained by homing, 22.2% by triangulation with 2 bearings, and 11.4% by triangulation with 3 bearings. The average distance
between sites where bearings were taken was
146 m for cottontails and 251 m for jackrabbits. The monitoring system used in this study
was identical to that of Harrison (2012), in
which he used the known locations of resting
ringtails (Bassariscus astutus) to assess telemetry error. Based upon Harrison (2012) and White
and Garrott (1990:53), the average area of uncertainty of locations obtained by telemetry was
1.4 ha for cottontails and 4.0 ha for jackrabbits.
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Male cottontail home range size estimates
were larger than those of female cottontails
for all nighttime estimates, all day and night
combined estimates, and the 95% AK daytime
estimate (Tables 1, 2). Male cottontail home
range size estimates were not different from
those of females for all other daytime estimates.
Cottontail AK day and night combined
home range size estimates were larger than
MCP estimates at both the 95% and 50% levels (T+ = 135, T− = 0, n = 17, P < 0.001 for
both tests). All individual cottontail 95% and
50% AK home range size estimates were larger
than the corresponding MCP estimates. In
contrast, jackrabbit AK day and night combined home range size estimates were smaller
than MCP estimates at both the 95% and
50% levels (T+ = 21, T− = 0, n = 6, P = 0.05
for both tests). All individual jackrabbit 95%
and 50% AK home range size estimates were
smaller than the corresponding MCP estimates.
MCP contours enclosed less space with no
locations than did AK contours at the same
percentage level for cottontails, whereas MCP
contours enclosed more space with no locations than did AK contours at the same percentage level for jackrabbits. In other words,
MCP contours produced better fits for cottontails, and AK produced better fits for jackrabbits. For these reasons I present MCP and
AK estimates for cottontails and jackrabbits,
respectively, in Fig. 1. The absolute values of
differences between AK and MCP estimates
were smaller for cottontails than for jackrabbits (Table 1).
Nighttime home range size estimates were
larger than daytime home range size estimates for all AK and MCP percentage levels
for both species (T+ = 21, T− = 0, P = 0.05
for all tests). All individual leporid daytime
home-range size estimates were smaller in daytime than in nighttime. All leporid nighttime
home ranges completely overlapped daytime
home ranges. Except for one male cottontail
and 3 of the 4 female jackrabbits, daytime
home ranges were not centered within nighttime home ranges.
No correlations were found between cottontail home range size estimates and the
numbers of locations obtained at any percentage level for either AK or MCP (n = 17;
95% AK: r = 0.084, r2 = 0.007, P > 0.5;
80% AK: r = 0.055, r2 = 0.003, P > 0.5;
50% AK: r = −0.083, r2 = 0.007, P > 0.5;

Females and males (n = 6)

Males (n = 2)

Lepus californicus
Females (n = 4)

Females and males (n = 15)

Males (n = 7)

Sylvilagus audubonii
Females (n = 8)

Day and night
Daytime
Nighttime
Day and night
Daytime
Nighttime
Day and night
Daytime
Nighttime

Day and night
Daytime
Nighttime
Day and night
Daytime
Nighttime
Day and night
Daytime
Nighttime
18.87 (3.72)
4.75 (1.74)
23.22 (4.85)
18.74 (3.08)
11.94 (3.66)
19.07 (3.88)
18.83 (2.48)
7.14 (2.09)
21.84 (3.34)

3.71 (0.76)
1.58 (0.70)
3.93 (0.83)
6.30 (0.69)
2.39 (0.40)
6.47 (0.72)
5.08 (0.60)
2.01 (0.41)
5.27 (0.63)
9.83 (2.10)
2.81 (0.91)
12.29 (2.72)
12.92 (2.47)
7.29 (1.82)
13.09 (3.29)
10.86 (1.61)
4.31 (1.20)
12.56 (1.93)

2.11 (0.43)
0.87 (0.40)
2.19 (0.37)
3.95 (0.56)
1.38 (0.28)
4.22 (0.46)
3.08 (0.42)
1.14 (0.24)
3.27 (0.40)
4.13 (0.82)
0.87 (0.29)
4.86 (1.02)
6.48 (1.48)
3.24 (0.74)
6.76 (1.75)
4.91 (0.78)
1.66 (0.56)
5.49 (0.88)

0.84 (0.14)
0.37 (0.15)
0.90 (0.16)
1.84 (0.36)
0.60 (0.14)
2.01 (0.31)
1.37 (0.23)
0.49 (0.10)
1.48 (0.22)

Adaptive kernel
_______________________________________________
95%
80%
50%

36.78 (12.53)
6.99 (1.81)
41.51 (14.29)
27.95 (1.36)
15.95 (0.20)
26.44 (0.21)
33.83 (8.14)
9.98 (2.21)
36.49 (9.58)

2.30 (0.46)
0.54 (0.16)
2.26 (0.48)
4.53 (0.61)
0.95 (0.17)
4.57 (0.71)
3.48 (0.48)
0.76 (0.12)
3.48 (0.52)

7.30 (1.49)
2.50 (0.34)
6.87 (1.38)
9.42 (1.91)
4.10 (0.81)
8.65 (2.54)
8.01 (1.16)
3.03 (0.45)
7.46 (1.16)

0.45 (0.11)
0.06 (0.02)
0.48 (0.10)
1.00 (0.14)
0.11 (0.05)
1.01 (0.15)
0.74 (0.12)
0.09 (0.03)
0.76 (0.11)

Minimum convex polygon
_______________________________
95%
50%

TABLE 1. Adaptive kernel and minimum convex polygon home range size estimates (ha) for Sylvilagus audubonii and Lepus californicus in the Chihuahuan Desert, 2015–2017.
Standard errors are in parentheses.
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Fig. 1. Percentages of 95% MCP (Sylvilagus audubonii) and 99% AK (Lepus californicus) estimated home range sizes
at cumulative 5% contour levels in the Chihuahuan Desert, 2015–2017.
TABLE 2. Probability values (P) for Mann–Whitney tests of differences between male and female Sylvilagus audubonii
home range size estimates from the Chihuahuan Desert, 2015–2017.
Adaptive kernel
__________________________________
95%
80%
50%
Day and night
Daytime
Nighttime

0.010
0.020
0.035

0.035
0.067
0.005

95% MCP: r = 0.295, r2 = 0.087, P = 0.264;
50% MCP: r = 0.206, r2 = 0.042, P = 0.440).
There was no home range size estimate
percentage level at which a home range core
was apparent for either cottontails or jackrabbits (Fig. 1).
Previous home-range size estimates for S.
audubonii from other habitats in other areas
are generally similar to or smaller than those
from the Chihuahuan Desert. Male home
range sizes reported by Ingles (1941) were
comparable to those in the Chihuahuan Desert (Table 1), but Hungerford’s (1974) estimate for just one male was smaller. Fitch’s
(1947) estimate for female home range size
was comparable to that from the Chihuahuan
Desert, but Ingles’ (1941) estimate was considerably smaller. Ingles (1941) attributed the
smaller home ranges of his females to their
tendency to remain in or near particular isolated thickets, whereas males roamed more
widely. There were no such isolated shrub
thickets in the Chihuahuan Desert study area.

0.006
0.113
0.005

Minimum convex polygon
_______________________
95%
50%
0.020
0.113
0.020

0.010
>0.20
0.013

As also found by Ingles (1941), male home
ranges were larger than those of females in
the Chihuahuan Desert.
Home-range size estimates for L. californicus in the Chihuahuan Desert were either
comparable to or much smaller than those
from previous studies. Estimates by Lechleitner (1958) and Tiemeier (1965, as cited by
Best 1996) of average combined male and
female jackrabbit home range sizes were comparable to AK, but smaller than MCP, estimates from the Chihuahuan Desert (Table 1).
Estimates by French et al. (1965) and Smith
(1990) were considerably larger than those
from the Chihuahuan Desert. Hungerford et
al.’s (1974) estimate for the home range size
for a single female jackrabbit was far larger
than found in the Chihuahuan Desert. Smith
(1990) reported male home ranges to be larger
than those of females, as also found in the
Chihuahuan Desert.
Despite differences of habitat and method
of calculation, reported S. audubonii home
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range sizes contain just a few hectares and
are fairly similar between studies, including
this study, except where particular habitat
features exist, as in Ingles (1941). In contrast,
L. californicus home-range size estimates are
more variable and dependent upon methods
and habitat. Home-range size estimates for
jackrabbits in the Chihuahuan Desert fall
between those from California and southeastern Idaho/northern Utah.
No seasonal or other shifts of areas of use,
such as those observed by Smith (1990), were
observed for any leporid in this study. This
observation is in accordance with the result
that home-range size estimates did not correlate with number of locations observed. If leporids were shifting their home ranges, home
range size would have correlated positively
with number of locations. Also, if leporids did
not use their home ranges randomly by, for
example, using a subset of their home ranges
before moving on to another subset, then estimated home range size would correlate positively with number of locations recorded until
leporids had been observed in all subsets.
However, I did not observe use of such home
range subsets.
No previous study calculated day and
night home range sizes separately, nor did
any previous study indicate that areas of use
differed between day and night. Neither
cottontails nor jackrabbits in the Chihuahuan Desert rested throughout their home
ranges, but instead had particular areas
within their overall home range in which
they resided by day. However, there was no
evidence from home range area contours of
the existence of a home range “core” (Fig. 1).
Areas of daytime use might be considered
home range “cores,” as they are identifiable
areas within home ranges which leporids use
daily. In this study, use of daytime areas was
underrepresented relative to use of nighttime
areas because usually only a single location
was recorded during daytime. Had I recorded
daytime locations at the same intervals as
nighttime locations, the daytime areas would
have been more prominent and may have
appeared as “cores.” In the current study, daytime home range area estimates for jackrabbits in the Chihuahuan Desert were
markedly smaller than the harmonic mean
core home range size estimates reported by
Smith (1990).
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